Summary. Semen characteristics were studied in 6 wild-born chimpanzees with dental ages ranging approximately from 6 to 12 years. The animals formed 2 groups, early pubertal (EP, N = 3, 6\p=n-\9 years) and late pubertal (LP, N = 3, 11\p=n-\12 years). Mean body weight, testicular volume and serum androgen concentration were significantly lower in Group EP (32\m=.\2\ m=+-\ 1 \ m=. \ 6 kg, 34\m=.\0\ m=+-\7\m=.\7 cm3, 2\m=.\1\m=+-\ ng/ml) than in Group LP (55\m=.\7\ m=+-\5\m=.\7kg, P < 0\ m=. \ 01; 100\m=.\5\m=+-\11\m=.\9cm3, P < 0\m=.\01; 3\m=.\6 \ m=+-\ 0\m=.\7 ng/ml, P < 0\m=.\05).
Introduction
In humans, puberty is easily staged by the progressive appearance of characteristic physical signs (Tanner, 1962; Tanner & Whitehouse, 1976) . In boys, growth velocity, penis and testis enlargement and pubic hair development are easily documented, but demonstration of sperm production remains difficult because of the ethical problems associated with semen collection (Richardson & Short, 1978; Hirsch et al, 1979 Hirsch et al, , 1985 .
In male chimpanzees, the primate species most similar to man, external signs specific to puberty are not easily visible. However, several studies have emphasized a close resemblance between man and chimpanzee in terms of physical and hormonal changes at puberty (Gavan, 1953; McCormack, 1971; Martin et al, 1977; Watts & Gavan, 1982; Copeland et al, 1985) .
In male chimpanzees in captivity, an increase in the rate of body weight gain starts at approximately 6-7 years of age, reaching an adult weight at 11-12 years of age (Spence & Yerkes, 1937; Grether & Yerkes, 1940; Smith et al, 1975 ). An increase in testis size is correlated with body weight increase during this period (Copeland et al, 1985) , and testosterone concentrations also rise (McCormack, 1971; Martin et al, 1977) . Stabilization of these measures and thus adulthood is reached at about 13 years of age (Smith et al, 1975) .
Although semen characteristics of adult chimpanzees have been described (Ackerman & Roussel, 1968; Roussel & Austin, 1968; Warner et al, 1974) , there have been no studies of semen in the pubertal period. The purpose of the present study was to assess cellular and biochemical characteristics of semen in relationship to dental age, body weight, testicular volume and serum androgen in pubertal chimpanzees.
Materials and Methods
Animals. Six wild-born chimpanzees. Pan troglodytes troglodytes, were studied from May through August 1985. All were originally orphaned as infants by hunters and had been at the Centre International de Recherches Médicales de Franceville (CIRMF) for 4-6 years; each remained in excellent health throughout the study. The subjects were housed in large indoor-outdoor enclosures in age-and size-matched social groups of 4-6 chimpanzees of both sexes (except MG, who was caged with another male only). Their ages were estimated from regularly observed dental eruption since arrival at CIRMF (Nissen & Riesen, 1945 , 1964 (Sade, 1964) . Testicular volume (TV) was estimated using the formula: TV = Jtl/6W2L (Dixson et al, 1980 (Hoskins & Patterson, 1967 L-Carnitine was assayed using the method based upon the formation of 5-thio-2-nitrobenzoate anion from 5,5'-dithio¿«-nitrobenzoic acid (DTNB, Calbiochem, San Diego, CA, U.S.A.) as reported by Soufir et al. (1981) (Bernt & Bergmeyer, 1974; Dagley, 1974) based on the change of absorbance at 334 nm due to reduction or oxidation, respectively, of nicotinamide coenzymes using kits purchased from Boehringer (Mannheim, West Germany). The assays were performed on deproteinized samples diluted 1/10 in distilled water for fructose and undiluted for citrate. The sensitivity of the assays was 15 mg/100 ml.
Acid phosphatase activity was measured by colorimetry at 405 nm using para-nitrophenylphosphate as the substrate (PNP: Sigma) (Polakoski & Zaneveld, 1977) . The assays were performed on samples diluted at 1/10 000 to 1/50 000 in distilled water Testosterone assay. Testosterone concentrations in serum were determined by radioimmunoassay using the dextran-coated charcoal separation procedure described by Brenner et al. (1973) (Table 1) . Based on these values, the subjects formed two groups: 3 animals (AB, JO, HE) were considered to be in early puberty (Group EP) and 3 animals (NE, PO, MG) in late puberty (Group LP). 106-2 ± 2-3 86-8 ± 7-6 108-5 + 5-6 100-5 + 11-9* 42 ± 0-6 3-8 + 04 2-8 + 0-7 3-6 + 0-7* */>< 0-05; ** < 0-01.
Mean body weight was significantly higher in Group LP than in Group EP (Table 1) . Individual body weight increased progressively during the study in the 4 younger animals (AB: +8-6%, JO: + 9-3%, HE: +9-6%, NE: +4-2%). Mean In our animals, dental age was correlated with body weight (r Mean total amounts of L-carnitine, fructose, citrate and acid phosphatase per ejaculate. These were higher in Group LP than in Group EP, but the differences were significant only for fructose and acid phosphatase (Table 4) . Across all subjects total citrate was correlated with total acid 30 ± 31 1-5-8-3 6-1 ± 3-8 3-3-13-3 2-9 ± 2-5 0-7-70 4-3 ± 1-6 0- phosphatase (r = 0-978, < 0001). Total L-carnitine, citrate and acid phosphatase were all corre¬ lated with mean serum androgen concentration (Table 5) . Total fructose was correlated with the means for dental age, body weight, testicular volume and serum androgen concentration. Only fructose was not significantly correlated with total sperm count ( Table 5) .
Discussion
Ejaculations were repeatedly obtained from 6 chimpanzees, which were 6-12 years of age. This demonstrates that the glandular mechanisms of seminal fluid production and the neurological mechanisms of semen emission were functional from as early as 6 years of age.
Mean body weight, testicular volume and circulating androgen were higher in the late pubertal group than in the early pubertal group. The observed testicular volumes were comparable to the testicular volume indexes reported for similar ages by Copeland et al (1985) . The concentrations of circulating androgen were also similar to the testosterone levels reported by McCormak (1971) for adolescent chimpanzees as well to those reported by Martin et al (1977) and Copeland et al (1985) .
In Group LP, the mean ejaculate volumes were higher than those reported by Roussel & Austin (1968) , Warner et al (1974) and Bader (1983) for adult chimpanzees. This difference is almost certainly the consequence of the methods of collection used, masturbation instead of electroejaculation as used in other studies. Gould (1983) observed a mean ejaculate volume of 3-8 ml when semen was collected by masturbation compared with 10 ml when electroejaculation was used. Similar observations have been made with paraplegic men (Jouannet et al, 1984) . From results of studies of monkeys and men, Brindley (1981) postulated that rectal probe electrostimulation acts directly on efferent fibres controlling the prostate, seminal vesicles and vas deferens, whereas natural semen ejaculation is due to a nervous reflex. The stimulus of masturbation is arguably the same as that of copulation, whereas electroejaculation probably results in non-physiological stimulation of the genital tract, with incomplete semen emission. Masturbation therefore seems to be a more physiological way to obtain semen from chimpanzees, as it is from men.
In chimpanzee, semen coagulation upon emission is a limiting factor for its analysis. Therefore, several investigators have studied only the liquefied fraction of the ejaculate after 1 h incubation at 37°C (Warner et al, 1974; Bader, 1983; Gould, 1983) . In Group LP, 25-62% of the spermatozoa of the total ejaculate were contained in the remaining coagulum. We therefore suggest that the whole ejaculate must be studied for spermatogenesis evaluation in the chimpanzee. The mean percentage of liquefaction of the ejaculate was similar for the 3 subjects of Group LP, but large intra-individual variations were observed (6-6-50% of the total volume). In Group LP, the mean sperm concen¬ tration in the total ejaculate was similar to values previously reported for adult chimpanzees (Bader, 1983) . The sperm motility and vitality observed in the liquefied fraction were higher than the values reported for chimpanzee semen obtained by electroejaculation (Roussel & Austin, 1968; Warner et al, 1974; Gould, 1983) and similar to those reported for human spermatozoa (Freund & Petersen, 1976; Eliasson, 1981; Jouannet et al, 1981) . Morphological analysis of spermatozoa of the liquefied fraction showed a high percentage of normal spermatozoa, which were very uniform in shape. The percentage of normal spermatozoa was very constant from one ejaculate to another. The most frequent observed abnormalities involved the head and the midpiece. Similar observations have been reported for adult chimpanzees by Seuanez et al (1977) .
Seminal fluid is a mixture of the secretions from the accessory glands of the genital tract. The secretory function of each accessory gland can be evaluated by assay of specific biochemical markers. In man, as in chimpanzee, fructose is secreted by the seminal vesicles and acid phospha¬ tase by the prostate (Mann & Lutwak-Mann, 1981; Martin & Gould, 1981) . Citrate is secreted by the prostate in man, but also by the seminal vesicles in domesticated mammals such as cattle, pigs or horses (Mann & Lutwak-Mann, 1981) . In chimpanzees, citrate was closely correlated with acid phosphatase but not with fructose. This suggests that, in chimpanzees, citrate is mainly secreted by the prostate. The epididymal origin of L-carnitine has been described in man and other mammals including rhesus monkey (Jones, 1978; Soufir et al, 1981; Mann & Lutwak-Mann, 1981) . In our study group, we observed, as in human (Soufir et al, 1981) , a close correlation between L-carnitine and sperm counts. This suggests an epididymal origin of L-carnitine in chimpanzee, which can only be proven with an experimental vasectomy: L-carnitine should disappear almost completely after vasectomy, as it does in man (Soufir et al, 1981) .
For all semen measures, except motility, vitality and morphology, we observed large intraindividual variations. Such variations have been previously described for chimpanzees (Ackerman & Roussel, 1968; Roussel & Austin, 1968; Warner et al, 1974) . They have also been reported for man in which they are related, in part, to the frequency of ejaculation (Schwartz et al, 1979) . Our animals were housed in social groups with the opportunity to copulate as well as to masturbate and the frequency of their ejaculation was neither controlled nor monitored. Early copulatory behaviour is normal and well documented in infant and juvenile male chimpanzees in nature (Tutin &McGinnis, 1981) .
In Group EP the mean ejaculate volume was significantly lower than in Group LP. Partial liquefaction was observed only in 2 animals of this group. Across the 6 subjects, the percentage of liquefaction of semen was closely correlated with citrate concentration. This could indicate that some liquefying factors are of prostatic origin, as in human (Tauber et al, 1980 
